Abstract: Skin, gill and visceral tubercle lesions were detected in marine tropical fish in an aquarium. Ninety-seven fish of 17 different genera were affected. The tubercles consisted of a wall of densely packed epithelioid cells and necrotic center packed with acid-fast bacilli identified as Mycobacterium marinum.
INTRODUCTION
Tuberculosis has been identified in at least 150 marine and freshwater fish species. 10 Although classification of acidfast bacilli isolated on artificial media is difficult, the bacteria most frequently observed are Mycobacterium marinum and Mycobacterium fortuitum. 1 "'' 2 '* 4 Tuberculous lesions in fishes normally are localized in both the skin and internal organs7 and consist of nodular (sometime* ulcerated) structures with a typical granulomatous pattern. 1 The histologic features of the granulomas appear to vary in the different fish species. Besides nodules with extensive central necrosis and calcification, lesions with sarcomatous structures have been described." One of the consistent histologic properties of the tuberculous granuloma of fish is the absence of giant cells, though such cells occasionally have been observed. m ' 2] An important aspect of fish tuberculosis is that some of the causative mycobacteria also are pathogenic for man. Skin lesions (ulcers or abscesses) and lymph node infections from Mycobacterium marinum, M. balnei, M. fortuitum have been described in humans 8 ' 1 " exposed to fishes infected with tuberculosis, especially if the individuals have been subjected to immunosuppressive treatments." 5 The following is a report of fish tuberculosis observed in an aquarium where environmental conditions were not completely suitable.
MATERIALS AND METHODS
Approximately 300 marine and freshwater tropical fish, including dead, diseased and apparently healthy subjects, were submitted for examination. Skin and gills were examined with a magnifying lens. Fish were subsequently examined at necropsy and samples of skin lesions, gills and internal organs were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5-10 /nm and stained with hematoxylin-eosin, Mallory's anilin blue, silver impregnation according to Gomori, Alcian Blue-PAS, Ziehl-Neelsen acid fast and von Kossa's.
Smears made from both the nodular lesions found in the spleen and gills, and from the cultured colonies, were stained according to the Ziehl-Neelsen method and microscopically examined for acidfast bacilli.
Specimens, aseptically obtained from the lesions in the spleen, were cultured on TB B broth, Dubos broth, Dubos blood Specimens obtained from the lesions in the gills were treated with 4% NaOH before culturing; after 10 min contact with NaOH the pH was neutralized using a few drops of IN HC1. All media were incubated at both 25 C and 37 C.
To differentiate and identify the isolates, growth rate, colonial morphology and pigment production were first observed; the following tests were then performed utilizing the method of Runyon et aL -18 growth in relation to temperature, nitrate reduction, catalase drop method, catalase test after 68 C heating, urea hydrolysis and growth on McConkey agar.
RESULTS
The disease, which appeared exclusively in marine tropical fishes (97 subjects from 17 different genera, Table 1 ), showed variable clinical signs including dyspnea, immobility or ataxia, a darker than usual color and focal skin lesions, such as scale loss (Fig. 1) , nodules, ulcers, fin necrosis, mutilation and sometimes exophthalmus.
Mortality, although persistent but not high in relation to the chronic development of the disease, was estimated to be about 5-10% of the affected fishes during the observation period.
The environmental conditions of the aquarium were not suitable due to fish crowding and continuous introduction of new subjects. Internal examination of the dead fish revealed translucent or opaque miliary foci, scattered or closely grouped, which in some cases caused a considerable increase in the volume of the affected organs (up to 5 times the normal size). Among the fish examined at necropsy, approximately 75% had miliary lesions in the spleen (Fig. 2) . Liver lesions were encounfered in 50% and kidney lesions in 35% of cases. Nodules often were present in the heart and ovaries, but were encountered less frequently.
Histologic examination of the affected organs revealed that the lesions were substantially similar in the different species observed with the exception of the gills of one fish, described below.
In general, the lesions appeared as granulomatous foci, either isolated or coalesced (Fig. 3) , with necrotic centers and epithelioid cells in the walls (Fig. 4) . Giant cells were absent. Scattered melanocytes frequently were observed among the epithelioid cells of the granuloma or in the thin layer of surrounding connective tissue. The necrotic centers of the granulomatous foci often contained large calcium precipitates and usually were packed with acid-fast bacilli (Fig. 5) .
The epithelioid cells in the walls of these necrotic foci often appeared very FIGURE 2. Scattered or confluent tubercle granulomas in the spleen.
compact (Fig. 6) , free from consistent fibrillar structures, and separated from the necrotic center by a marked alcianophilic halo, due to the presence of free mucopolysaccharidic acids. On the other hand the alcianophily of the perifocal connective tissue was very weak.
As indicated above, in one case the gill lesions had a different pattern. They consisted of areas of necrosis with no cellular reaction scattered throughout the branchial filament and thus were considered to be derived from a very recent infection. Within these areas, and particularly in the related vessel lumina, acid-fast bacilli sometimes were encountered in a very large number and so massively crowded as to suggest bacterial thrombi or emboli (Fig. 7) .
The best growth of acid-fast bacilli was observed on I.U.T.M., Petragnani and Middlebrook 7H10 agar, incubated at 25 C; at 37 C colonies also were present but with a reduced growth rate. Colonies developing after seven or more days were rounded, rough and flat, with elevated centers. Colonies grown in the dark were unpigmented; nitrate reduction, catalase drop test, 68 C catalase and growth on McConkey agar were negative, while urea hydrolysis was positive; when grown in light or exposed briefly to light the colonies became brilliant yellow to orange. In the smears taken from lesions or from colonies, typical acid-fast bacilli were seen.
The results of the tests for species identification allowed us to identify the isolates as Mycobacterium marinum, belonging to the photochromogenes of Runyon's group 1.
It is interesting to note that the employee who took care of the diseased fishes developed nodular skin lesions on his hands, from which a cold blooded animal-related mycobacterium was isolated.
DISCUSSION
This report illustrates the considerable economic loss which can result from tuberculosis in an infected aquarium, and also the many different fish species which can be involved.
Some papers'' 1 ' and our personal experience suggest that mycobacterial infections are endemic in many of the species considered in this report and that the unnatural environmental conditions, like those of an aquarium, can promote the appearance of the disease.
The etiologic agent, M. marinum, has been cultured repeatedly from both fresh and salt water fish infected with tuberculosis.
:l ' f) > 11 We also observed the simultaneous infection of a human with a cold-blooded animal-related mycobacteria, an additional case to be added to theliterature. 4 
The high prevalence of lesions in the spleen compared to other organs appears of diagnostic value. The wide dissemination of nodular lesions seems to suggest a hematogenous spread of mycobacteria not substantially unlike that encountered in birds and mammals. The histology of the nodular lesions revealed a granulomatous structure with a necrotic-calcified center rich in mycobacteria and a dense zone of epithelioid macrophages free from giant cells. The latter occasionally contained melanocytes.
H
The histologic and histochemical findings of the granuloma in the material we observed appear, for the most part, to be identical in the different fish species examined. In one case early gill necrosis was observed. The lesions were not delimited by granulomatous or connective cell proliferation, but were rich in blood vessels with thrombotic masses crowded with mycobacteria. Similar findings have been reported previously in marine fishes 2 and Pacific salmon.'
:t >' 7 Some forms of tuberculosis, essentially characterized by the proliferation of connective cells with a sarcomatous appearance, but without necrosis, also have been described in fishes. 7 "' 19 The fact that in the present study different fish species had strongly similar lesions, while in the literature quite variable findings are reported, may justify the hypothesis that various Mycobacterium species or strains can influence the pathologic pattern of the disease.
